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ABSTRACT

Additional information on the problem of hard
ice formation on the cryogenic tankage of heat sink boosters
is reviewed. The data affirm the probability of hard ice
formation on uninsulated tankage. Indications are that film
type coatings such as Teflon could substantially reduce the

thickness of hard ice which could adhere to aluminum cryo-
genic tankage.
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MEMORANDUM FOR FILE

The problem of hard ice formation on heat sink
boosters was reviewed in Reference 1. It was concluded
therein that the problem was real; that hard ice forma-
tion on a heat sink wall during rainstorms could seriously
compromise the concept in that accumulation of ice might
preclude launching during rainstorms due either to weight
penalty or damage if the ice were to break loose. The
topic has been further researched, primarily with the help

of Major J. Bryant of the Standard Launch Vehicles Program
Office, SAMSO, and the McDonnell Douglas Astronautics Company-

West (MDAC-W). This memo discusses the additional information.

Major Bryant searched the Air Force and MDAC Thor
Project records on the subject. The most significant piece
of information obtained related to a 1965 Thor launched
GEOS A. This Thor LO2 tank was exposed to rain for 64 minutes

between the start of LO2

upon engine start whereupon the Thor flight performance was with-
in specifications. The results of a worst case analysis of the
potential hard ice buildup indicated that as much as 3000 lbs
could have been attached to the LO, tank. It was concluded at

that time that no evaluation of the effects of this added weight
on either vehicle performance or launch pad damage could be made.
At present the MDAC-W Thor/Agena and Thor/Delta Program Offices
essentially ignore the subject. (Major Bryant noted that the
above also applies to SAMSO Atlas vehicles.) Thus ice formation
has not pbeen a problem in Air Force launches of Thor or Atlas
vehicles.

loading and liftoff. This ice was shed




MDAC-W independently has researched the subject.
A bibliography of the literature obtained is appended.
Figure 1 summarizes the total data available while Figure 2
presents detail data from 21 Thor booster flights. The
data shown in both figures repeat and confirm the observa-
tions made in Reference 1, namely that during rain, heavy

ice does form on uninsulated LO2 or LN2 tanks. In fact,

the records for Boosters 136 and 202 as reported in Figure

2 indicate that ice formed on high humidity non-rainy days.
However, MDAC-W chose to question these particular data
points. In 1968, MDAC conducted icing tests on aluminum
tanks uncoated or coated with selected polymer films. The
results (Figure 3) show that tank coatings such as Teflon

can substantially reduce the shear stress at which ice will
shed from an aluminum tank, thus reducing the thickness of
ice buildup. MDAC-W stated that for proper heat sink booster
design it would be necessary to (1) determine the shear and
tensile bond strength of ice on coated and uncoated aluminum
tankage, (2) determine the areas of a vehicle which will
require protection from falling ice, and (3) assess the poten-
tial vehicle performance degradation. MDAC-W is presently
studying experimental approaches which could provide the
desired design data.

MDAC-W has been working on a heat sink booster
concept whose features have less potential ice problems than
the Grumman concept described in Reference 1. The Grumman
booster separates at a velocity of 8450 ft/sec and requires
that the internally insulated LH, tank wall temperature be

colder than -250°F at liftoff. The MDAC-W booster separates

at a velocity of 7677 ft/sec. This lower velocity significant-
ly reduces the thermal input to the booster structure during
flight and allows internally insulated LH2 tank wall to be

designed to be at ambient conditions (+70°F) at liftoff. The
extra internal insulation required to maintain the larger
temperature difference between the aluminum tank and the LH2

NYArmeatl |l amde Al oo ce

propellant does not penalize the vehicle performance. (Both
the Grumman and MDAC-W designs use the same criteria for the
uninsulated Lo, tanks.) No ice should be formed on the +70°F

tank walls. Ice will form on the LO2 tanks. MDAC-W believes
that film coatings applied to the LO2 tank will substantially

reduce the ice thickness and hence the damage potential.




MDAC-W also believes that coatings such as Teflon can have
adherence lifetimes which will not reduce the booster over-
haul time. In essence, MDAC-W does not feel tank icing is
an important selection criteria in consideration of their
heat sink booster concept.

COMMENTS

The MDAC-W heat sink booster design compared to
the Grumman approach, if feasible, would reduce the damage
potential of hard ice fall-off during liftoff. However,
the potential for damage still is present. It would appear
in order to conduct an experimental test program to provide
data to better define the hard ice damage potential and
possible means of preventing this damage.
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